INTRODUCTION
One major question in community ecology is whether communities are organized or structured, i.e., whether there are patterns to the numbers of species present, species abundances, and the niche relationships among species. A related question concerns the type of species interactions or environmental conditions that act as organizing principles (Paine 1966 , Mac Arthur 1972 , Cody 1974 , Schoener 1974 , Connell 1975 . In this study I examine meadow plant communities at four sites in the Rocky Mountains to determine if competition for resources plays an important role in determining plant community structure. Although plants may be competing for a number of ' resources, such as water, nutrients, and space, I chose to focus on one resource, pollinator visitation.
Interspecific competition for pollinators may come about in two ways. When two plant species are visited by the same pollinator the number of visits one receives is reduced because of the visits that go to the other. When visits are a limiting resource this may result in exploitation competition. In addition, plants may experience interference competition. When pollinators move repeatedly between individuals of the two species during a foraging bout, the pollen flow between conspecifics may be interfered with. This will occur if pollen is removed from a pollinator's body when the pollinator visits a heterospecific or if stigmatic surfaces become clogged with heterospecific pollen (Waser 1978b) . Field studies dealing with competition for pollinators include Gentry 1974 , Heithaus 1974 , Heinrich 1975 , 1976b , c, Reader 1975 , Stiles 1977 , Waser 1978a , and Zimmerman 1979 One of the strongest statements to emerge from the-oretical treatments of competition is that there should be a limit to the similarity of resource use by coexisting species (Mac Arthur and Levins 1967, May 1973 , Roughgarden 1974 ). The prediction is not simply that differences among species should exist but that there should be an overdispersion of niches in niche space, i.e., resource partitioning. For species that use resources which can be arranged along a continuum, this translates into a regular arrangment of species along that continuum (Cody 1968 , Hespenheide 1971 , Brown 1972 , Shoener 1974 . I investigated the pattern of niche space partitioning among the plant species in the study communities. There are two major resource dimensions associated with pollinator visits and along which separation might occur. The first is the pollinator dimension. I examined the extent to which plants differ from one another by having different pollinator visitors. A second dimension is time. Plants that share pollinators may experience reduced competition if they flower at different times during the season. For species which have large pollinator overlap we would expect a regular temporal segregation of blooming periods. Several previous studies have indicated the occurrence of a regular sequence of flowering among species visited by a single major class of pollinators (Gentry 1974 , Heithaus 1974 , Feinsinger 1976 , Heinrich 1976c , Stiles 1977 ). However, these studies have provided little or no statistical verification of a regular spacing pattern. Instead they have relied on visual inspection of flowering sequences to confirm the regularity. In this paper I provide a rigorous examination of spacing of blooming periods. I also examine the competitive status of each species in the community by measuring its ability to attract pollinator visits and by assessing the competitive load on it from other species.
METHODS

Study sites
This study was conducted in mountain meadow plant communities. Four sites in the Gunnison Basin of Colorado (Barrell 1969 
Plants
All plant species visited primarily by bees were considered in this study but not those visited primarily by flies or hummingbirds. Extremely rare species, or those not growing in the meadow proper, were not included. All plants were examined to determine if they required pollinator visits to set fruit. Prior to flowering I placed insect exclosures around individual plants of each species. These plants were then checked for fruit-set at the end of the season. For a few species some flowers were also self-pollinated to test for self-compatibility. The fruit-set of a number of species under field conditions was also measured. Enlargement of ovarian tissue was assumed to indicate fruit-set. I also excavated the root systems of many of the species to determine the extent of vegetative reproduction.
A I used several different methods to identify each major group of pollinators. Bumblebees (Bombus spp.), which were the major pollinator group, could usually be identified to species by their distinctive abdominal and thoracic color patterns. Individuals that could not be identified while on flowers were collected with a net and placed in an observation jar for more careful inspection. I also recorded the bumblebee's caste (queen, worker, or male) and the type of resource it was collecting (pollen, nectar, or both). Pollen collecting was judged by the presence of a corbicular pollen load. A bee without a pollen load was assumed to be collecting nectar only. Bees which were probing flowers for nectar but also had a pollen load were considered to be collecting both resources.
For solitary bees I collected several specimens of every type that I could distinguish by field inspection. Solitary bees encountered during a census were compared to this reference collection. I felt that more extensive collection would seriously affect population sizes. This method may have resulted in some species misidentification but the error is probably not serious due to the relatively minor importance of solitary bees as pollinators. For syrphid and muscoid flies common groups were identified by their color pattern but in the analysis these groups are referred to as "syrphid fly" or "muscoid fly. Table 3 for full names). Species visited primarily by queens: T. montana; species visited 10-25% by queens: V. americana and H. fendleri. mension, time. The expectation from competition theory, which can be compared with the observed pattern, is that the flowering times of guild members are regularly dispersed throughout the summer season.
To examine the question of spacing of blooming periods I first had to establish a criterion for inclusion in a guild. From Figs. 1-4 it can be seen that very few species receive all of their visits from a single bumblebee and some species are visited by two "principal" visitors. I decided that all species which received 50% or more of their visits from a particular bumblebee would belong to the same guild. Many species in Figs. 1-4 are visited almost exclusively by one bumblebee species and can be easily assigned to the guild named for that bumblebee. Some of the species satisfying the 50% criterion are also visited to a relatively large extent by a second major bumblebee species. Such species are borderline members of a second guild and could be in moderate competition with members of that second guild. To be on the conservative side these species were assigned to both guilds. The criterion for inclusion in a second guild was that the second bumblebee species must account for at least 30W of the visits to the species. In several cases species were assigned to a second guild when only 15-20%o of their visits were from the second bumblebee species. This was done with species which were judged to have a large potential competitive effect on members of the second guild (see Competitive load).
Guilds are clearly not sharply delimited entities but guild classification does appear to reflect natural differences among species. A number of authors have pointed out a correspondence between a bumblebee's proboscis length and the corolla depth of the flower it visits (Brian 1957 , Macior 1974 I also used an alternative simulation method which is computationally easier and gave comparable results to those in Table 2 
Competitive load
Despite the general conclusion that flowering sequences are nonrandom, an inspection of Figs. 5-8 shows that the pattern of species replacement through time is not always very regular. One possible explanation for this might be that the way in which competition is measured is not entirely appropriate. In the analysis above I assumed that the strength of competition between two guild members was proportional to the extent to which their blooming periods overlapped. Thus the competition hypothesis was that overlap between temporal neighbors should be minimized. However, to determine accurately the detrimental effect of one species on another, and hence the strength of selection for competitive displacement, Ecology one must know more than the overlap between them. The extent to which a competitor depresses the population growth of a species is a function of the quantity of that species' resources the competitor consumes. This is equal to the probability that the competitor uses a species' resources (niche overlap) times the population size of the competitor. In the Lotka-Volterra equation for population growth, dNi/dt = rjNj(Ki -N1 -Laj;Nj)/Kj, the term LaifiN ; denotes the cumulative negative effect of all interspecific competitors on species i. This term I call competitive load. The term aoi is taken to be equivalent to the overlap of species j on species i.
The importance of competitive load has not always been appreciated in studies of community competitive interactions, although it is implicit in the concept of diffuse competition (Mac Arthur 1972). For example, to infer that two species are seriously affecting each other because they have a 90% overlap in resource use (x = .90) would be improper without considering their abundances. If one species is much rarer than the other then the competitive load on the common species (the reduction in resources it experiences because of the presence of the rare species) will be small, whereas the load on the rare species will be large. By accounting for asymmetries in competition between species pairs, and by including the cumulative negative effect of all competitors, competitive load gives a more accurate assessment of the competitive status of a species in a community. The competition hypothesis can thus be restated as: blooming periods should diverge such that competitive load is minimized.
I examined the magnitude of the competitive load experienced by plants at the four study sites. The air in the term aifjN; is equal to the probability of species i and species j using the same pollinator at the same time, i.e., pollinator overlap times temporal overlap. In this context competitive load is an index of the number of pollinator visits a subject species loses to competitors. To see this, consider the pool of visits that are available to a subject species during the time it is in flower. We wish to know how these visits are apportioned between the subject species and its competitors. The number of flowers of the subject species present during this period is Ni, the species' abundance, and the total number of flowers of competitors also present is laijNj, where axj is equal to the proportion of species j's flowers that are open during species i's blooming period. Without including information on attractiveness, we would expect the number of visits to species i to be proportional to Ni and those to competitors to be proportional to lai N i. When abundance is weighted by attractiveness, the actual ability of flowers to draw visits is reflected. Since this weighting factor was expressed relative to the subject Ecology species this means that the number of visits the subject receives is still proportional to Ni while those received by competitors is proportional to competitive load (expression 1). It should be noted that a species' competitive load and its abundance are only proportional and not equal to the number of visits lost and gained. Since the proportionality constant may be different for different species, cross-species comparisons are not possible. What I examine below is the number of visits lost relative to the number gained for each species.
The competitive load and abundance for each species are shown in Table 3 and the two are plotted against one another in Fig. 9 . There is a significant positive correlation between number of visits lost (competitive load) and number gained (abundance) (r = .65, P < .001). In general, one is approximately equal to the other which means that for each species the number of pollinator visits potentially available to it during the time it is in flower is roughly equally divided between itself and its competitors. The fact that all species show this pattern, with some exceptions discussed below, indicates that these communities are structured.
It is also of interest to know something about the absolute number of visits each species receives. This can be obtained by multiplying the attractiveness value for each species (the average number of visits per flower) by its abundance (the number of flowers). There is a strong negative correlation between these two variables (Fig. 10 , r = -.817 P < .001); rare species receive more visits per flower than common species. Other authors (Beattie et al. 1973 , Heinrich 1976a ) also note the presence of rare but highly attractive species in certain plant communities. There also appears to be, in general, a one-to-one correspondence between attractiveness and abundance (Fig. 10, slope -0.828) indicating that abundance multiplied by attractiveness equals a constant. This leads to the remarkable conclusion that all species receive approximately the same number of visits. Coupled with the observation from above that species lose as many visits as they receive, this means that all species are very similar with regard to the number of visits gained and lost. Thus the resource of pollinator visits has been evenly partitioned among species. This supports the competition hypothesis.
The greater attractiveness of rare species appears to be an adaptation to compensate for an otherwise poor competitive situation. Theoretical ( Other coexistence mechanisms Besides divergence in blooming time or increasing attractiveness, there may be other ways to reduce the impact of competitors. It has been suggested that in situations where the interference component of competition for pollinators is strong, which would be the case when a number of species was in bloom simultaneously, coexistence can occur if species grow in different microhabitats (Bobislud and Neuhaus 1971 , Pleasants 1977 , Waser 1978 . This is because the frequency of interspecific visitation is reduced when species have a spatial refugium. As long as they receive enough pollinator visits to maintain themselves in this refugium, species are less likely to be driven to extinction by another (see Waser 1978b for theoretical explanation). This would be particularly true of long-lived perennials. In my study most of the members of guilds are sufficiently segregated temporally that interspecific visitation would already be at a low level. The Bombus bijfarius guild at Site 2, however, exhibits large temporal overlaps among its nine members and also failed to show a regular dispersion of blooming periods. In addition, six out of the nine species are composites and thus have similar floral morphologies. For these species, interference is potentially important so I examined the extent of spatial isolation among them. Data on presence or absence of a species in the >100 quadrat samples made at this site were used to measure the spatial overlap between species. Three of the nine species in the guild have conspicuous characteristics that make interference unlikely. Hydrophyllum fendleri blooms much earlier than the others; Wyethia amplexicaulis grows in dense monospecific stands; Potentilla gracilis is visited to the exclusion of others while bees forage on it for pollen (Pleasants 1977) . For each of the remaining six species I ranked its five competitors according to the proportion of quadrats containing the subject species which also contained a particular competitor. I then ranked these same five competitors with regard to their contribution to the subject species' competitive load (potential for interference). A contingency table was constructed which compared the rank value of competitors for spatial overlap and competitive load. Rank combinations for the competitors of each species were tallied in this table. There is a significant negative association between spatial overlap and competitive load (X2 = 6.53 P < .001). The conclusion is that species tend to be more spatially isolated from their stronger competitors. Hurlbert (1970) found a relationship somewhat similar to this. He observed that for 10 species of co-occurring Solidago there was a significant tendency for species with high overlap in their blooming period to have low spatial overlap. His explanation for this pattern was that it promotes reproductive isolation. This is equivalent to reducing cross-species pollination, i.e., reducing interference.
Assessing whether the competitive displacement patterns illustrated in Figs. 5-10 are the result of ex-
